Abstract -Diatoms are the dominant primary producers in a number of oceanographic settings that require high-nutrient and turbulent conditions. In addition, diatoms are sensitive indicator of environmental changes and small modifications of environment result in measurable changes in physiological and biochemical parameters. In the present study the model diatom species, Phaeodactylum tricornutum, was culturing for 6 months and the influence of two environmental factors i.e. temperature and light intensity, as the model of greenhouse effect, was tested. Two temperatures i.e. 12°C (low) and 20°C (moderate), and two light intensities i.e. 6µ Em -2 s -1 (low) and 40 µEm -2 s -1 (moderate) were selected. Three main growth phases of diatom cultures were observed. In the first phase (first two weeks) the optical density at 600 nm (OD) of cultures as well as photosynthetic activity measured as Fv/Fm parameter, increased under all experimental conditions. However, in third growth phase i.e. after four months of experiments, the decrease of OD was detected only at a higher temperature. Values of Fv/Fm parameter showed that photosynthetic activity of P. tricornutum was more sensitive to light intensity than to growth temperature and lower photosynthetic activity was detected at moderate light intensity. In the third phase photosynthetic activity was also well correlated with chlorophyll a concentration and the carotenoid content. The obtained results indicated that the growth rate of diatom cultures depends on temperature whereas photosynthetic activity is more sensitive to light intensity. Low temperature as well as low light intensity were found to be better environmental conditions which ensure a sustainable and long-term growth of diatoms.
Introduction
The warming planet surface and increasing ocean heat content may be the result of seasonal changes in temperature or changes related to the greenhouse effect. All changes in temperature and water warming can have an impact on water ecosystems. These changes strongly influence the photosynthetic activity of phytoplankton, which results in CO2 fixation and finally biomass production [1] [2] [3] [4] .
Diatoms (Heterokontophyta, Bacillariophyceae) are a major group of microalgae, the dominant primary producers in a number of freshwater, marine and oceanographic ecosystems that require high-nutrient and turbulent conditions. They fix 20 billion tons of carbon per year and are responsible for around 20% of global net primary photosynthetic production [4] [5] [6] . In addition, diatoms are sensitive indicator of environmental changes and small modifications of environmental result in measurable changes in physiological and biochemical parameters [1, 7] .
Despite the ecological significance of diatoms, there is only few data about the effect of long-term temperature and light changes as well as about acclimatization mechanism to these environmental conditions. The purpose of the work was the analysis of parameters that may be used to monitor the physiological and biochemical state of diatoms during the long-term cultures in changing environmental conditions. The growth parameter, photosynthesis efficiency and content of the photosynthetic pigments were monitored at low and moderate temperature and two (low and moderate) light intensities. Both were applied as the model of climate warming under laboratory conditions. For the long-term study of diatoms adaptation mechanism to the environmental changes, the model marine diatom Phaeodactylum tricornutum was selected.
Materials and Methods
The P. tricornutum CCAP/1055/1 strain, obtained from the Culture Collection of Algae and Proteoza at the Dunstaffnage Marine Laboratory, UK, was grown in standard culture conditions in f/2 medium [8] , under photoperiod 10:14h D : L. The diatom cultures were carried out in two white light intensities: at moderate light intensity of 40 µEm -2 s -1 in the standard culture bottles and low light intensity of 6 µEm -2 s -1 in the amber culture bottles (Borosilicate Glass, SIMAX 2L) both at low (12°C) and moderate temperature (20°C) [9] . Cultures were shaken (50 rpm/min) during the light and dark phase to keep cells in suspension and maintain an optimal exchange of gas and nutrients as the model of sea water fluctuation. Pigments for concentration analysis were extracted from P. tricornutum in medium 1 ((90%MeOH/10% 0.2M ammonium acetate), 10% ethyl acetate). After centrifugation supernatant was mixed with chloroform and water (in rate: 2:1:1), vortexed, centrifuged. Lower phase was collected, evaporated and dissolved in 90% acetone.
Concentration of the chlorophyll a was determined with a spectrophotometer and calculated by Jeffrey and Humphrey method [10] After extraction in medium 1, pigments content in thylakoid membranes was analyzed on the Nucleosil column (ET 250/8/4, 300-5 C18, Maderey&Nagel, Germany) by HPLC, applying a gradient according to Kraay [11] .
Cell density was measured at 600 nm [12] with a spectrophotometer. Photosynthetic efficiency was estimated by chlorophyll fluorescence measurement by Hansatech Pocket PEA (Waltz, Germany). Before measurements samples were collected and centrifuged to obtain pellet of the cells which were dark-adapted for 15 min [9] . Software generated Fo (minimum) and Fm (maximum) fluorescence values and calculated the optimum quantum yield Fv/Fm.
The average cell size was measured by LUNA™, an automated cell counter, that accurately measures the size by Bright Field cell counting mode.
The observation of diatom cell morphotype and photographic documentation were taken using Nicon Eclipse TE 200 microscope with a Nomarski DIC prism with a 60x objective. The microscope was equipped with Monochrome Camera [9] .
Statistical calculations were performed with Statistica program. Means differences comparison among different treatments was done by Student's T or by Kruskala-Wallisa test.
Results
The effect of temperature and adaptation mechanisms of marine diatoms P. tricornutum and T. pseudonana, growing two weeks in batch cultures, was presented and discussed in our previous papers [9, 13] . In this document we present the effect of temperature and light intensity on P. tricornutum growth, cells size and selected photosynthesis parameters, which were analyzed during six months. The survival and adaptation to the environment changes were monitored by analysis of parameters which provide information about physiological and biochemical conditions of diatom cultures.
The comparative analysis of growth kinetics, monitored by cell densities (OD600) of P. tricornutum culture at low and moderate temperature and under two light conditions, was performed (Fig.1A) . This parameter informs about biomass increase and biological condition of phytoplankton community [7] . The obtained results showed significant differences in diatom growth kinetics at different temperatures and light conditions. The growth of diatoms under both temperatures was characterized by three phases. First, the fastest and linear, observed during the first two weeks of culture showed no statistical significant differences in the growth kinetics between all tested cultures. The second phase with the high rate growth (where OD increased fast), observed between the second and the end of the 16 th week after the inoculation, was more intensive in cultures at a low temperature than at a moderate temperature. The rate growth in the third phase showed significant differences in the diatom growth kinetics at both temperatures (12 and 20°C). The growth rate at low temperature was slightly lower than in the 2 nd phase (especially at low light) while at moderate temperature the cell density remained almost at a constant level (at both light condition) during the last two months of measurements. Although no effect of temperature, either low or moderate, on growth rate of diatoms was observed during the first phase, in the second and third phases the growth rate was clearly limited at moderate temperature. In general, the small amount of information has been obtained about the effect of the environmental stressors on the diatom size and morphological characteristic of diatoms [7] . P. tricornutum has three morphotypes of cell: oval, fusiform and triradiate. In our diatom cultures the most dominant morphotype was fusiform (Fig. 2) . The division of fusiform diatom cells reduces their final size [14, 15] . Moreover, it was observed that cells size depend on the growth temperature. The size of cells at 23 to 25°C were larger than those that grew at lower temperature [16] . In the beginning of our experiment, the average cell size was larger at moderate than at low temperature. The intensive division of cells, in the first phase of culture growth, resulted in the decrease of cell size from 6 to 4.5 µm at low temperature and from 6.8 to 5.5 µm at moderate temperature (Fig.1B) . Finally, the size increased up to 10.5 µm in the second and third phases in correlation with OD changes, which confirms the slowdown of the cultures growth. The diatom chloroplasts are surrounded by four envelope membranes and thylakoids are arranged in groups of three [17] . The light harvesting system called fucoxanthin binding proteins (FCP), which function is to act as an antenna in photosynthesis, bind the high amount of fucoxanthin (an unique xanthophyll pigment) [18, 19] and additionally diadinoxanthin and diatoxanthin which are engaged in photoprotective mechanism known as diadinoxanthin cycle [20, 21] . FCP contain chlorophyll a (Chl a) and characteristic c1, c2 chlorophylls [18, 19, 22] . Photosynthesis can be used to monitor the community productivity and biological conditions [7] . The photosynthetic efficiency of photosystem II (Fv/Fm) is the most frequently used parameter to determine stress effects on diatoms photosynthesis condition [23] . The significant variability in Fv/Fm parameter was observed in a long-term P. tricornutum culture at low and moderate temperature (Fig.  3A) . In the first and the second phase of cultures growth, the level of Fv/Fm parameter was higher in diatoms at moderate than low temperature and was the highest after first two weeks of measurements under all tested growth conditions. However, later all cultures showed a slowly decrease in Fv/Fm values. After the four-month experiment, the Fv/Fm values of the culture were higher in low light than in the moderate and were the highest under low light and low temperature conditions. The chlorophyll a concentration was increasing in correlation with OD values in the first phase (Fig. 3B) . The significant differences in the chlorophyll a concentration were observed already in the second month of the cultures. Although the decrease of Chl a was observed at both temperatures, the highest Chl a concentration was detected at low light intensity. The changes in Chl a concentration may be the result of chlorophyll degradation, observed in diatoms processes involved in senescence and death of these photosynthetic cell [24] .
The carotenoid content was calculated in comparison to all photosynthetic pigments (chlorophylls and carotenoids). The significant increase in carotenoid content was observed only in low light and at both temperatures (Fig. 5) . The increase of carotenoid content, in the long time growth, may indicate the importance of the carotenoids function as well as differences in the changes associated with senescence processes occurring under various temperature and light conditions [24] .
The changes of photosynthetic activity in the third phase, correlated with chlorophyll a concentration (Fig. 3B ) and the carotenoid content changes (Fig 5) . Interpreting and predicting consequences (as a acclimatization or death of microalgae) of long-term biological changes, can be achieved using long-term collection of planktonic biota from multiyear time series and ecosystems [6] . In this paper we present results of the long-term effect of model parameters which help to interpret the physiological conditions of plankton in natural environment changes.
Conclusion
Light and temperature changes, which are important environmental factors, have impact on the physiological and biochemical processes in model diatom P. tricornutum. The obtained results present the diatoms adaptation strategies i.e. different proliferation, regulation of photosynthetic activity and changes in photosynthetic pigment content. Long-term monitoring of biochemical and physiological parameters shows that P. tricornutum prefer "cold-water and low-light" conditions.
